This is a study about one of the most widely used hydro machinery all over the world -pump-turbine. The system has an impeller which pumps water to an upper reservoir during the night and the same impeller acts as a runner for turbine mode during the day for providing stable electrical power to the grid. The internal flow analysis is investigated in this study to help understand how the water passes through the passage of the vanes and blades, providing the designer with useful information From this study, it was observed that this pump-turbine design showed very good internal flow characteristics with no flow separation and no recirculation flows in normal operation mode.
Introduction
Hydropower is one of the oldest forms of extracting energy from nature for industrial applications. This is a study about one of the most widely used hydro machinery all over the world -pump-turbine. Pumpedtorage installations provide the most efficient and practical means for storing large quantities of energy (1) . The system has an impeller which pumps water to an upper reservoir during the night and the same impeller acts as a runner for turbine mode during the day for providing stable electrical power to the grid.
For achieving high efficiency in both modes, the blades of the impeller need to be modified to be suitable for both the pumping and turbine modes. To do this, there are many things that need to be considered for developing a good pump-turbine, such as performance, internal flow, reliability and cavitation analysis among the common ones. However, as these are very broad topics, this study only investigates the internal flow of the pump-turbine system.
The internal flow analysis is investigated in this study to help understand how the water passes through the passage of the vanes and blades, providing the designer with useful information on the behavior of recirculation flows which could reduce the efficiency of the pump-turbine. This can help make modifications to improve the system efficiency.
Modeling and Numerical methods

Pump-turbine model
The design model of the pump-turbine system can be seen in Fig. 1 one suggested by Wang et al (2) . 
Numerical methods
Various numerical simulation methods are available from the past decade, which have been discussed in detail by Liu (3) , Yang (4) and Hasmatuchi (5) . Computational fluid dynamics (CFD) analysis is a very useful tool for investigating the internal flow passage of the pump-turbine. This study uses the ANSYS CFX for numerical calculations (6) . The boundary conditions and numerical methods are described in Table 1 .
Approximately 8. for all calculations in this study because it is generally used for rotating applications like pumps and turbines and shows relatively better convergence in contrast to the other models.
Results and Discussion
Performance curves
The curves in 3.4 Static pressure and circumferential velocity investigation of flow passage on both modes 
